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Measuring the feed stream of WWTP –
Why measure the inflow? (Intention of the development)
Calibration of simulation models and testing / developing of optimization and 
control strategies:
• Plant optimization / Control design and optimization: Simulation models offer 
the possibility to develop and test optimal control strategies for critical 
situations. (E.g. heavy rain events)
• Inflow measurements for these events are seldom available.
• Due to the lack of real inflow data from critical events, artificially created 
events are often used. Whether or not these artificial events allow for realistic 
results depends on the application and cannot be guaranteed.
• The goal is to record process data of as many different operating situations as 
possible  Especially critical situations.
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• Spectrometric probes for COD / 
Ion-selective probes or chemical analysers for NH4-N
• Rough environment
(temperature changes / water level changes / grease / dirt / etc.)
• High maintenance costs (cleaning / calibration)
• Economically hard to justify (Cost Benefit Analysis)
 Most plants are not equipped with COD or NH4-N measurement devices in the inflow.
Measuring the feed stream of WWTP –
1. Possibility: Online Sensors
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• Samples are usually taken by automatic devices in regular intervals 
(typically 2 hours) and stored under cool conditions.
• These samples are analysed in a laboratory 
(Typically measured values are COD, NH4-N and NTotal)
• Limitations / Challenges:
 High staff and analysis costs
 Is usually done only for a limited time period (e.g. 2 weeks)
 It is unlikely that interesting /critical events occur in this 
limited period of time
 Only a few operational situations can be measured
Measuring the feed stream of WWTP –
2. Possibility: Measurement Campaigns
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Measuring the feed stream of WWTP –
1. Possibility: Measurement Campaigns
• Example for a measurement campaign over 24 hours:
• For practical reasons often only spot measurements are made.
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Measuring the feed stream of WWTP –
1. Possibility: Measurement Campaigns
• The assumed inflow stream looks like a discrete stepwise function.
• Composite would show the mean values, but still not consider the flow.
•  The numerical inflow estimation shows the mean considering the flow.
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NH4-N, NO3-N in 
mixed liquor basins
Trying to find the correct u,
using an optimization algorithm.
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Numerical / Model based estimation-
Principle
Performance Index:
( ) ( , ( ))J MAPE s=x m x
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Numerical / Model based estimation-
Principle
1. Randomly create a set of input values
2. Simulate for 2 hours with this input
3. Compare simulated         with measured process data     
(by calculating performance index        )
4. Use optimization algorithm to calculate new input 
values.
5. Repeat step 2 to 4 until          is minimised.
6. Use the optimal result to simulate to the next step





P. Kern - ECI WBTR, Otranto, June 2014 12
Numerical / Model based estimation-
Model / Prerequisites
• Model: Based on our own implementation of the ASM1 in Matlab/Simulink.
• Odenthal WWTP of the Wupperverband with approximately 17.500 PE.
• 3 Cascades (mixed liquor basins).
• Primarily domestic wastewater.
• For the investigation:
• Measurement campaign of three days.
• Measured parameters: COD, NH4-N, NTotal, Q .
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Numerical / Model based estimation-
Model developed in (Matlab / Simulink / Simba)
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• Optimization
• The minima is surrounded by a flat plateau (problem for many optimization algorithms) 
• -- > Algorithm: PSO (Particle Swarm Optimization)
• Presenting the model with only one step with constant values did not lead to sufficient results
• Processing Time  Due to the complexity of the model and the high number of iterations 
necessary the calculation was slower than real time
Measuring the feed stream of WWTP –
Challenges
* arg min{ ( )}
x
J=x x
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Measuring the feed stream of WWTP –
Principle with surrogate model
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Measuring the feed stream of WWTP –
Surrogate Model - Kriging
• Kriging is a method for approximation and was developed by 
the engineer Daniel G. Krige from South Africa in the early 1950s.
• Kriging was first published a few years later by Matheron (1963) who 
mathematically formulated the method.
• Kriging is used to create surrogate models of highly non-linear and multi-
dimensional functions.
3D- Example 4D- Example
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Measuring the feed stream of WWTP –
Surrogate Model - Kriging
1. A random set of inflow combinations is generated 
using Latin Hypercube sampling (LHS) 
(e.g. 80 different combinations of CODT, CODT+1, NH4-NT, NH4-NT+1)
2. Every combination + the measured Q is presented to the simulation model
3. For each combination the performance index J(x) is calculated
4. The 80 different inflow combinations and the performance indexes are used to 
build up a kriging model (used as design sites)
5. PSO is applied to the kriging model of the performance index (very fast)
6. Optimal choice of input values results in a minimum of the performance index.
7. These optimal values are used to simulate to the next step
8. The whole process is repeated from step 1
Example LHC:
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Results – Practical Simulation Study




Cascade I Cascade II Cascade III
NH4-N NO3-N NH4-N NO3-N NH4-N NO3-N
Correlation 0.9995 0.9990 0.9996 0.9994 0.9988 0.9974
RMSE 0.031 0.098 0.028 0.063 0.064 0.058
MAPE [%] 3.2 1.4 2.5 0.8 1.1 3.7
• First the measured input was presented to the fully calibrated model.
• Then the estimated input was presented to the model.
• The results show the comparison of the process values in the mixed liquor tanks
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Results – Practical Simulation Study




Correlation 0.89 0.73 0.88
RMSE 64.9 7.3 5.1
MAPE 14.2 14.1 6.7
• These results show that the method is generally able to estimate the inflow 
with sufficient accuracy to achieve the same process behaviour as with the 
measured inflow.
• Precondition: Fully calibrated Model and working sensors.
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Results – Practical Application – Estimated Input 
Measured Process Values vs. Simulated Process Values
• These results show the effect of sensor drift and sensor failure
• The sensor drift and the failure of the NO3-N Sensor in cascade 2 has resulted in 
negative effects on the estimation.
Cascade I
Cascade II
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Results – Practical Application – Estimated Input 
Measured Process Values vs. Simulated Process Values
Cascade I
Cascade II
• Application to a different period of time.
• Results show a good fit to the measured process data.
• The method is clearly able to generate inflow values which lead to the same 
process values.
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• Well suited to generating inflow data which leads to similar process 
values.
• The model has to be fully calibrated prior to application to estimation of 
the desired event.
• Reference sensors have to be accurate. 
• After several days the internal state of the plant (TSS, etc.) will drift due 
to weaknesses of the model and sensors. This will lead to wrong inflow 
estimations.
• The developed method is transferable to other applications.
• The method cannot replace real inflow measurements, but will generate 
valuable inflow data for optimization purposes.
Conclusions
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